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DEMERSAL ELASMOBRANCHS OF THE SEA OF MARMARA: 
UPDATED INVENTORY, TAXONOMIC ISSUES, 
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F. Saadet KARAKULAK
Department of Fisheries Technologies and Management, Faculty of Aquatic Sciences, İstanbul University, İstanbul, Türkiye

ABSTRACT

A total of 16 elasmobranch species (nine shark and seven batoid species) were sampled in the Sea of 
Marmara (SoM) between 2014 and 2024 for this study. During the same period, an additional nine species 
(six shark and three batoid species) were recorded from the same area by other researchers. Over the past 
100 years, 32 species of demersal elasmobranchs (16 shark and 16 batoid species) have been reported 
from the SoM, but applying “evidence-based confirmed or unconfirmed presence” criteria reduces the 
current number to 25 (15 shark species, 10 batoid species). Principal Component Analysis indicates that 
adaptability to shallower waters is now critical to the spatial distribution of demersal elasmobranchs in 
the SoM. This shift clearly shows how dramatically the environmental degradation, marine pollution, and 
deoxygenation have reduced the region’s elasmobranch fauna primarily to demersal species over the last 
40 years, underscoring the potentially devastating impact of such degradation on biodiversity.

Key words: Elasmobranchii, survival, conservation, inventory, Sea of Marmara,Turkey

ELASMOBRANCHI DEMERSALI DEL MARE DI MARMARA: INVENTARIO AGGIORNATO, 
QUESTIONI TASSONOMICHE E IMPLICAZIONI AMBIENTALI

SINTESI

Per questo studio, tra il 2014 e il 2024 sono state campionate nel Mar di Marmara (SoM) un totale di 16 
specie di elasmobranchi (nove specie di squali e sette specie di batoidi). Nello stesso periodo, altri ricerca-
tori hanno registrato altre nove specie (sei specie di squali e tre specie di batoidi) nella stessa area. Negli 
ultimi 100 anni, nel SoM sono state segnalate 32 specie di elasmobranchi demersali (16 specie di squali e 
16 specie di batoidi), ma applicando i criteri di “presenza confermata o non confermata basata su prove” 
il numero attuale si riduce a 25 (15 specie di squali e 10 specie di batoidi). L’analisi delle componenti 
principali indica che l’adattabilità alle acque meno profonde è ora fondamentale per la distribuzione spa-
ziale degli elasmobranchi demersali nel Mar di Marmara. Questo cambiamento mostra chiaramente come 
il degrado ambientale, l’inquinamento marino e la deossigenazione abbiano ridotto drasticamente la fauna 
di elasmobranchi della regione, principalmente alle specie demersali, negli ultimi 40 anni, sottolineando 
l’impatto potenzialmente devastante di tale degrado sulla biodiversità.

Parole chiave: Elasmobranchii, sopravvivenza, conservazione, inventario, Mar di Marmara, Turchia
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INTRODUCTION

Fauna inventories provide the most direct means 
of assessing the components of animal diversity in 
a specific biome or locality at a given time (Silveira 
et al., 2010). From this perspective, the elasmo-
branch species inventory of the Sea of Marmara 
(SoM) has been updated many times in studies by 
various researchers over the past 100 years. These 
studies either (1) include elasmobranchs as part 
of the region’s general ichthyofauna (Ninni, 1923; 
Deveciyan, 1926; Rhasis Erazi, 1942; Kocataş et 
al., 1993; Eryılmaz & Meriç, 2005; Torcu Koç et al., 
2012; Daban et al., 2021; Bilecenoğlu, 2024), or (2) 
focus specifically on the elasmobranch fauna of the 
SoM (Kabasakal, 2016, 2022; Artüz & Fricke, 2024; 
Karadurmuş & Sarı, 2024; Kabasakal & Karakulak, 
2024). In one of the earliest general ichthyological 
studies listing sharks and batoids, Ninni (1923) 
reported 21 elasmobranch species among the 162 
fish species landed at Istanbul Wholesale Fish 
Market. In another pioneering study, Deveciyan 
(1926) provided detailed information on 16 species 
of sharks and batoids landed at the same market. 
However, neither author specified the exact loca-
tions in the SoM where these elasmobranchs were 
captured. Although the most recent surveys report 
35 (Bilecenoğlu, 2024) and 38 (Artüz & Fricke, 2024) 
elasmobranch species in the ichthyofauna of the 
SoM, the number of species with confirmed current 
presence in the region decreases to 25 (Kabasakal 
& Karakulak, 2024) when evidence-based confirma-
tion criteria are applied (Kovačić et al., 2020).

Based on commercial landings data, several 
researchers have pointed to a dramatic reduction 
(of up to 98%) in demersal elasmobranch species 
in the SoM over the past three decades (Demirel 
et al., 2020; Gül & Demirel, 2021). It has recently 
been suggested that this decline is primarily due to 
overfishing and deteriorating environmental condi-
tions, particularly the deoxygenation of bottom 
waters (Kabasakal, 2025). According to Silveira et 
al. (2010), fauna inventories are essential for assess-
ing projects with myriad environmental impacts, 
many of which may be significant and irreversible. 
Therefore, creating an accurate ‘snapshot’ of the 
specific locality to be impacted is a task of utmost 
importance and responsibility. Given that proper 
species identification is the foundational step in 
effective fisheries management (Stauffer Jr. & Ko-
covsky, 2007), updating the inventory of demersal 
elasmobranchs in the environmentally degraded 
and deoxygenated SoM is a critical initiative that 
extends far beyond mere taxonomic curiosity. The 
present article provides an updated and confirmed 
list of demersal elasmobranch species in the SoM, 
based on the latest environmental monitoring and 

stock assessment surveys. In addition, it discusses 
key environmental threats to the future survival of 
these species in the SoM, as well as factors contrib-
uting to taxonomic inconsistencies.

MATERIAL AND METHODS

An overview of the SoM

A significant environmental issue currently 
threatening marine ecosystems is the emergence 
and expansion of ‘dead zones’ – hypoxic or an-
oxic marine areas caused by human activity (Diaz, 
2016). The SoM is experiencing severe hypoxia 
in its deep waters, with conditions in some areas 
progressing towards anoxia (Mantıkçı et al., 2022; 
Salihoğlu et al., 2022). Hypoxia in seawater is 
defined as a decrease in dissolved oxygen (DO) 
concentration to below 2 mg/L (or 80 µM; Diaz & 
Rosenberg, 2008; Vaquer-Sunyer & Duarte, 2008). 
The SoM, designated as geographical subarea (GSA) 
28 by the General Fisheries Commission for the 
Mediterranean (GFCM, 2018), is one of the most 
damaged marine ecosystems in the Mediterranean 
Basin (Saygu et al., 2023).

It is a relatively small marine basin with a sur-
face area of 11,500 km² and a maximum depth of 
1,390 m, connected to the Mediterranean and Black 
Seas through narrow straits (Beşiktepe et al., 1994; 
Fig. 1). Its hydrographic characteristics are largely 
shaped by water exchange through these straits. A 
distinctive feature of this system is the persistent 
oxygen deficiency in the deeper sub-halocline lay-
ers (Ünlüata & Özsoy, 1988; Beşiktepe et al., 1994).

Acting as a receiving and settling basin for or-
ganic matter transported from the Black Sea via the 
Bosphorus Strait (Ünlüata & Özsoy, 1988; Yılmaz et 
al., 1990), the SoM has experienced substantial eco-
logical degradation over the past four decades due 
to increasing anthropogenic pressures. As a result 
of eutrophication, DO concentrations – particularly 
in bathyal waters – have fallen below the hypoxia 
threshold (Yılmaz et al., 1990; Mantıkçı et al., 2022). 
In the eastern and northeastern parts of the SoM, 
where deoxygenation is most severe, hypoxic condi-
tions now extend onto the continental shelf (ÇŞİDB, 
TUBİTAK-MAM, 2021, p. 27; Kabasakal, 2025).

Bottom trawl surveys

The bottom trawl surveys conducted throughout 
the SoM (Fig. 1) between 2014 and 2024 were mainly 
carried out as part of two projects: (1) the Stock Assess-
ment of Demersal Fish Species in the Eastern Marmara 
Sea (Project No. 51922), and (2) the Marine Monitor-
ing (DEN-İZ) project of the Ministry of Environment, 
Urbanisation and Climate Change.
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Sampling was performed on board R/V Yunus-
S, a 510 hp stern trawler operated by the Istanbul 
University’s Faculty of Aquatic Sciences. A bottom 
trawl with a cod-end mesh size of 14 mm (ap-
proximately 22 mm mesh opening) was used for the 
hauls following the MEDITS protocol (Anonymous, 
2017). Haul duration was set at 30 min for depths 
under 200 m and 60 min for depths over 200 m, 
with a standard towing speed of 3 knots (Anony-
mous, 2017). Oceanographic parameters (salinity, 
S; temperature, T; and dissolved oxygen, DO) were 
recorded using a SeaBird CTD probe. The start and 
end coordinates of each trawl haul, along with the 
corresponding seafloor depths, were determined 
using the vessel’s onboard GPS and echo sounder.

Handling of specimens and species identification

To reduce at-vessel mortality and increase post-
release survival of captured sharks and rays, we fol-
lowed best-practice procedures proposed by Saygu 
and Deval (2014) and Ellis et al. (2016a). An on-board 
survival tank was improvised using a large container 
with a continuous supply of fresh seawater via a hose. 
Large specimens were handled according to the FAO 
and ACCOBAMS (2018) guides. All individuals were 
counted, weighed, and measured as soon as possible. 
With the exception of a few voucher samples, the 
remaining elasmobranch catch was gently released. 
Voucher samples are preserved at the laboratory of 

the Department of Fisheries Technologies and Man-
agement, Faculty of Aquatic Sciences, Istanbul Uni-
versity. For very large specimens (e.g., Hexanchus 
griseus or Echinorhinus brucus), photographs were 
taken and are kept in the authors’ personal archives. 
Species identification is based on Serena (2005), Ebert 
and Stehmann (2013), Last et al. (2016), Ebert et al. 
(2021), and Barone et al. (2022). Scientific names fol-
low WoRMS Editorial Board (2025). 

The current status of elasmobranch species not 
sampled in the present survey, but known to oc-
cur in the SoM from previous studies (Ninni, 1923; 
Rhasis Erazi, 1942; Geldiay, 1969; Anonymous, 
1974; JICA, 1993; Benli et al., 1993; Meriç, 1995; 
Uysal et al., 1996; Zengin et al., 2004; Yaka & 
Yüce, 2006; Torcu Koç et al., 2012; Yıldız et al., 
2016; Bilecenoğlu, 2019; Kabasakal et al., 2023a, 
2024a,b; Karadurmuş & Sarı; 2024), was assessed 
using evidence-based criteria for confirmed and 
unconfirmed presence (Kovačić et al., 2020). De-
tailed descriptions of these criteria are provided by 
Kovačić et al. (2020).

Dispersal/settlement success of demersal 
elasmobranch species

Principal Component Analysis (PCA) was used 
to examine the effect of life history characteristics 
and bathymetric distribution on the past and present 
abundance of demersal elasmobranch species in 

Fig. 1: Map of the study area showing sampling stations. Solid red circles denote the fixed stations of Project 51922, 
and solid purple squares indicate the fixed stations of DEN-İZ project.
Sl. 1: Zemljevid obravnavanega območja raziskave, ki prikazuje vzorčevalne postaje. Rdeči krogi označujejo fiksne 
postaje projekta 51922, vijolični kvadratki pa fiksne postaje projekta DEN-IZ.
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Tab. 1: Species-specific life history traits used in the PCA of demersal elasmobranch species of the SoM. TL – total 
length; LmM, LmF length at 50% sexual maturity (males, females); GL – generation length. Continues in the next 
section. 
Tab. 1: Vrstno specifične značilnosti življenjskega cikla, uporabljene pri PCA pridnenih vrst rib v Marmarskem 
morju. TL – skupna dolžina; LmM, LmF – dolžina pri doseženi 50% spolni zrelosti (samci, samice); GL – dolžina 
generacije. Nadaljevanje v naslednjem razdelku.

Species FAO code TL (cm) LmM (cm) LmF (cm) GL (years)

Hexanchus griseus (Bonnaterre, 1788) SBL 600 400 330 53

Galeus melastomus Rafinesque, 1810 SHO 90 42 45 5.7

Scyliorhinus canicula (Linnaeus, 1758) SYC 80 56 60 ?

Scyliorhinus stellaris (Linnaeus, 1758) SYT 162 77 79 20

Mustelus asterias Cloquet, 1819 SDS 140 85 96 13

Mustelus mustelus (Linnaeus, 1758) SMD 175 112 124 17.8

Mustelus punctulatus Risso, 1827 MPT 190 88.5 100 17.8

Galeorhinus galeus (Linnaeus, 1758) GAG 195 170 185 30

Dalatias licha (Bonnaterre, 1788) SCK 182 100 120 28.7

Oxynotus centrina (Linnaeus, 1758) OXY 150 60 66 20

Centrophorus uyato (Rafinesque, 1810) CPU 128 91 89 20

Squalus acanthias Linnaeus, 1758 DGS 195 64 93 8

Squalus blainville (Risso, 1827) QUB 92 56 60 19.5

Echinorhinus brucus (Bonnaterre, 1788) SHB 394 190 230 30

Squatina oculata Cuvier, 1829 SUT 160 82 100 12

Squatina squatina (Linnaeus, 1758) AGN 244 132 169 11

Tetronarce nobiliana (Bonaparte, 1835) TTO 180 ? ? ?

Torpedo marmorata Risso, 1810 TTR 100 44 49 16

Torpedo torpedo (Linnaeus, 1758) TTV 60 ? ? 12.5

Dipturus batis (Linnaeus, 1758) RJB 285 197.5 185.5 20

Dipturus oxyrinchus (Linnaeus, 1758) RJO 150 103.5 91 10

Leucoraja naevus (Müller & Henle, 1841) RJN 81 56.16 54.96 8

Raja asterias Delaroche, 1809 JRS 75 56 52 4.36

Raja clavata Linnaeus, 1758 RJC 105 85 75 11.5

Raja miraletus Linnaeus, 1758 JAI 63 41.8 34.3 7.2

Raja montagui Fowler, 1910 RJM 102 60.7 53.74 7

Raja radula Delaroche, 1809 JAR 70 46 40 9

Dasyatis pastinaca (Linnaeus, 1758) JDP 69.5 32 38 7.5

Dasyatis tortonesei Capapé, 1975 JDO 80 38 47 ?

Gymnura altavela (Linnaeus, 1758) RGL 400 105 102 7

Aetomylaeus bovinus (Geoffroy St. Hilaire, 1817) MPO 222 90 90 15

Myliobatis aquila (Linnaeus, 1758) MYL 183 40 60 11
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Tab. 1 (Continued): MRD – maximum recorded depth range; CDR – common depth range; TRL – trophic level. 
Continues in the next section.
Tab. 1 (nadaljevanje): MRD – največji zabeleženi razpon globin; CDR – običajni razpon globin; TRL – trofična 
raven. Nadaljevanje v naslednjem razdelku.

Species
MDR (m)

MDR (m)
CDR (m) 

CDR (m) TRL
200–500 501–1000 >1000 0–100 101–200 >200

H. griseus 0 0 1 2500 0 0 1 200–1100 4.48

G. melastomus 0 0 1 2000 0 0 1 200–500 4.2

S. canicula 0 1 0 800 1 1 1 0–450 3.8

S. stellaris 1 0 0 380 1 0 0 20–63 4

M. asterias 1 0 0 200 1 1 0 0–200 3.6

M. mustelus 0 1 0 800 1 0 0 5–50 4.3

M. punctulatus 1 0 0 200 1 1 0 0–200 3.8

G. galeus 0 1 0 800 1 1 1 0–800 4.3

D. licha 0 0 1 1800 0 0 1 1800 4.2

O. centrina 0 1 1 805 1 1 1 35–805 3.1

C. uyato 0 0 1 1400 0 1 1 115–745 4.5

S. acanthias 0 0 1 1978 1 1 1 0–600 4.4

S. blainville 0 0 1 1500 1 1 1 15–1500 4

E. brucus 0 0 1 1214 1 1 1 10–1214 4.4

S. oculata 1 0 0 500 1 0 0 50–100 4

S. squatina 1 0 0 150 1 1 0 1–150 4.1

T. nobiliana 0 1 0 800 1 1 0 10–150 4.5

T. marmorata 1 0 0 370 1 1 0 2–370 4.5

T. torpedo 1 0 0 400 1 0 0 2–70 4.5

D. batis 0 1 0 1000 1 1 1 30–600 4.1

D. oxyrinchus 0 1 1 1461 0 0 1 200 3.5

L. naevus 0 1 0 900 1 1 0 20–250 3.6

R. asterias 0 1 0 700 1 0 0 20–50 3.5

R. clavata 0 1 1 1020 1 0 0 10–60 4.2

R. miraletus 1 0 0 462 1 1 0 50–150 3.8

R. montagui 1 1 0 530 1 1 0 20–120 4

R. radula 1 0 0 300 1 1 1 0–300 3.7

D. pastinaca 1 0 0 200 1 0 0 20–35 4.1

D. tortonesei 1 0 0 200 0 1 0 100–200 4

G. altavela 1 0 0 100 1 0 0 5–100 4.5

A. bovinus 1 0 0 150 1 1 0 10–150 3.8

M. aquila 1 0 0 300 1 1 0 1–300 3.6
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Tab. 1 (Continued): DFRSoM – Date of first record in the Sea of Marmara; DLRSoM – Date of last record in the 
Sea of Marmara; SLF – continental shelf; SUS – shelf–upper slope; DWT – deep bathyal water. Data on LmM, 
LmF, GL, and TRL were obtained from the literature cited in the reference column.
Tab. 1 (nadaljevanje): DFRSoM – Datum prvega zapisa v Marmarskem morju; DLRSoM – Datum zadnjega zapisa 
v Marmarskem morju; SLF – kontinentalni prag; SUS – kontinentalni prag–zgornje pobočje; DWT – globoki 
batial. Podatki o LmM, LmF, GL in TRL so bili pridobljeni iz literature, navedene v referencah.

Species Before
1990 

DFR 
SoM

DLR 
SoM

After
2000 SLF SUS DWT Reference

H. griseus 1 1923 2022 1 0 1 1 Finucci et al. (2020)

G. melastomus 0 1993 2017 1 0 1 1 Abella et al. (2016)

S. canicula 1 1923 2024 1 1 1 0 Serena et al. (2015)

S. stellaris 1 1923 2023 1 1 0 0 Ellis et al. (2016b)

M. asterias 1 1969 2024 1 1 0 0 Farrell et al. (2016a)

M. mustelus 1 1923 2024 1 1 0 0 Farrell et al. (2016b)

M. punctulatus 0 2023 2023 1 1 0 0 Ebert et al. (2021)

G. galeus 1 1923 2021 1 1 0 0 McCully et al. (2016)

D. licha 0 1991 1991 0 0 1 0 Walls & Guallart (2016)

O. centrina 1 1942 2024 1 0 1 0 Soldo & Guallart (2016)

C. uyato 0 1992 2019 1 0 1 1 Guallart & Walls (2015)

S. acanthias 1 1923 2023 1 1 1 0 Ellis et al. (2016c)

S. blainville 1 1923 2024 1 1 1 0 Soldo et al. (2016)

E. brucus 1 1923 2023 1 1 1 1 Ferretti & Buscher (2016)

S. oculata 0 1995 2018 1 1 1 0 Ferretti et al. (2016a)

S. squatina 1 1923 2023 1 1 0 0 Ferretti et al. (2016b)

T. nobiliana ? ? ? ? 1 1 0 Finucci et al. (2021)

T. marmorata 1 1923 2023 1 1 1 0 Notarbartolo di Sciara et al. (2016)

T. torpedo 1 1923 2023 1 1 1 0 Serena et al. (2016a)

D. batis 1 1923 2023 1 1 1 0 Ellis et al. (2021)

D. oxyrinchus 1 1923 2024 1 0 1 1 Ellis et al. (2016d)

L. naevus 1 1996 1996 0 1 1 0 Ellis & Dulvy (2016)

R. asterias 0 1996 2009 1 1 0 0 Serena et al. (2016b)

R. clavata 1 1923 2023 1 1 0 0 Ellis et al. (2016e)

R. miraletus 1 1923 2014 1 1 0 0 Dulvy et al. (2020)

R. montagui 1 1996 1996 0 1 0 0 Ellis et al. (2016f)

R. radula 0 2006 2023 1 1 1 0 Mancusi et al. (2016)

D. pastinaca 1 1942 2023 1 1 0 0 Serena et al. (2016c)

D. tortonesei 0 2016 2016 1 1 0 0 Jabado & Derrick (2021)

G. altavela 0 1984 ? 0 1 0 0 Walls et al. (2016)

A. bovinus 0 ? 2019 1 1 0 0 Walls & Buscher (2016)

M. aquila 1 1923 2024 1 1 1 0 Serena et al. (2016d)
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the SoM (Villagra et al., 2022). This analysis tested 
the hypothesis that “demersal elasmobranch species 
with a wider bathymetric distribution range are more 
likely to have adapted to, and persisted in, the SoM”. 
The most recent species lists (Artüz & Fricke, 2024; 
Kabasakal & Karakulak, 2024; Karadurmuş & Sarı, 
2024) were consulted to compile the life history 
parameters of the 32 demersal elasmobranch species 
reported from the SoM over the past century and 
currently categorised as ‘present’, ‘absent’ or ‘doubt-
ful’ in this region. Information on the species’ first 
and last recorded occurrences (date of first record 
in the Sea of Marmara (DFRSoM) and date of last 
record in the Sea of Marmara (DLRSoM) in Table 1), 
as well as depth distribution in the SoM (continental 
shelf occurrence (SLF), shelf-upper slope occurrence 
(SUS) and deep bathyal water occurrence (DWT) in 
Table 1) were retrieved from the literature (Tab. 1), 
specifically from Ninni (1923), Rhasis Erazi (1942), 
Geldiay (1969), Anonymous (1974), JICA (1993), 
Benli et al. (1993), Meriç (1995), Uysal et al. (1996), 
Zengin et al. (2004), Yaka and Yüce (2006), Torcu Koç 
et al. (2012), Yıldız et al. (2016), Bilecenoglu (2019), 
Kabasakal et al. (2023a, 2024a, b), and Karadurmus 
and Sarı (2024). The sources for data on total length 
(TL), male and female sexual maturation lengths 
(LmM and LmF, respectively), generation length (GL), 
depth distribution, and habitat are provided in Table 
1. These life history parameters, compiled from the 
literature, were first organised in a raw data table. 
A matrix was then formulated where these data 
were expressed as numerical values (maximum TL 
and sexual maturation length in cm; GL in years; 
trophic level) and binary values (0 for absent and 
1 for present). The PCA analysis was based on this 
final data matrix (Villagra et al., 2022), using PAST 
- Paleontological Statistics ver. 4.03 (Hammer et al., 
2001; Rincón-Díaz et al., 2018).

RESULTS AND DISCUSSION

Updated species inventory and taxonomic issues

Sixteen elasmobranch species (nine sharks and 
seven batoids; Tab. 2) were sampled between 2014 
and 2024 in the present study (Fig. 2). During 
the same period, an additional nine species (six 
sharks and three batoids; Table 2) were recorded 
in same area by Bilecenoğlu (2019), Daban et al. 
(2021), Kabasakal and Türetken (2021), Karadurmuş 
and Sarı (2024), and Kabasakal et al. (2024a, b). 
As evidenced by the ichthyological inventories 
presented in Table 2, a total of 32 species of de-
mersal elasmobranchs (16 sharks and 16 batoids) 
have been reported from the SoM over the past 100 
years. However, using the criterion proposed by 
Bilecenoğlu (2024) – including only species whose 

presence has been confirmed within the past 10 
years – sets the current count at 25 (15 sharks and 
10 batoids; Table 2). This figure is remarkably lower 
than the totals reported by Bilecenoğlu (2024; n = 
34) and Artüz and Fricke (2024; n = 38), as these 
authors included in their checklists all shark and 
batoid species recorded in the SoM since 1923, 
regardless of whether any had been observed in the 
region within the past decade or not. Furthermore, 
the presence of the 25 species was assessed apply-
ing the criteria for “evidence-based confirmed or 
unconfirmed presence” proposed by Kovačić et al. 
(2020). Only 16 species have a verified presence 
under Criterion 1, which requires that at least one 
specimen from the SoM is stored in a scientific col-
lection with a published reference. Six species were 
confirmed under Criterion 2, which applies where 
there are no stored specimens, but the species can 
be positively identified from a photo of the SoM 
locality provided in a published record. Three spe-
cies were confirmed under Criterion 5; this is used 
when there are no stored specimens or published 
morphological/genetic evidence, but species cita-
tions can be traced back to an author – with expert 
knowledge of the taxon or fish guild of a particular 
habitat – who reported numerous findings (or, in 
a study on ecology or species biology, numerous 
specimens), making correct identification highly 
probable. 

Although Dalatias licha, Torpedo torpedo, and 
Leucoraja naevus each have at least one positive 
historical record from the SoM and meet the crite-
ria for verified presence (1, 5, and 2, respectively), 
they were not included in the updated inventory 
because none has been recorded in the region 
during the past decade. According to Bilecenoğlu 
(2024), Tetronarce nobiliana and Gymnura altavela 
are also present in the SoM; however, their listing 
among elasmobranch fauna of the SoM is based on 
a historical ichthyological inventory (Bilecenoğlu 
et al., 2014). A critical retrospective review of ich-
thyological checklists for the seas of Turkey, pub-
lished at roughly ten-year intervals (Bilecenoğlu et 
al., 2002, 2014; Bilecenoğlu, 2024), reveals that all 
three studies cite the occurrence of T. nobiliana and 
G. altavela in the SoM based solely on Mater and 
Meriç (1996) – the first inventory of Turkish marine 
fishes. This original source, however, provides no 
information where the examined specimens were 
captured or deposited in a scientific collection for 
verification. Since the evidence was insufficient to 
confirm the contemporary occurrences of T. nobili-
ana and G. altavela in the SoM, the only applicable 
classification was exclusion Criterion 13 (Kovačić 
et al., 2020). This applies when a species’ reported 
presence is based on a review publication citing 
an original reference that in itself contains no 
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Tab. 2: Chronological summary of demersal elasmobranch species (n=32) recorded in the SoM by different re-
searchers between 1923 and 2024. The numbers in the top row refer to source references that reported shark and 
batoid records from the SoM (indicated by +). These references are as follows: (1) Ninni (1923), (2) Anonymous 
(1974), (3) JICA (1993), (4) Meriç (1995), (5) Mater and Meriç (1996), (6) Uysal et al. (1996), (7) Kabasakal (2003), 
(8) Zengin et al. (2004), (9) Yaka and Yüce (2006), (10) Torcu Koç et al. (2012), (11) Yıldız et al. (2016), (12) 
Bilecenoğlu (2019), (13) Kabasakal and Türetken (2021), (14) Daban et al. (2021), (15) Karadurmuş and Sarı (2024), 
(16) Kabasakal et al. (2023a), (17) Kabasakal et al. (2024a), (18) Kabasakal et al. (2024b), and (19) elasmobranch 
species captured during the 2014–2024 sampling period of the present study. Demersal elasmobranch species 
recorded in the SoM in the last 10 years are marked with a check () in the 2025 column; these records constitute 
the updated list of elasmobranch species. C denotes the applicable criterion for confirmed or unconfirmed pres-
ence (Kovačić et al., 2020). Elasmobranch species not included in the updated inventory are shown in bold.
Tab. 2: Kronološki povzetek pridnenih vrst hrustančnic (n=32), ki so jih v Marmarskem morju zabeležili različni 
raziskovalci med letoma 1923 in 2024. Številke v zgornji vrstici se nanašajo na vire, ki so poročali o zapisih o 
morskih psih in skatih iz Marmarskega morja (označeno z +). Ti viri so naslednji: (1) Ninni (1923), (2) Anonymous 
(1974), (3) JICA (1993), (4) Meriç (1995), (5) Mater in Meriç (1996), (6) Uysal in sod. (1996), (7) Kabasakal (2003), 
(8) Zengin in sod. (2004), (9) Yaka in Yüce (2006), (10) Torcu Koç in sod. (2012), (11) Yıldız in sod. (2016), (12) 
Bilecenoğlu (2019), (13) Kabasakal in Türetken (2021), (14) Daban in sod. (2021), (15) Karadurmuş in Sarı (2024), 
(16) Kabasakal in sod. (2023a), (17) Kabasakal in sod. (2024a), (18) Kabasakal in sod. (2024b) in (19) vrste pridnenih 
hrustančnic, ujete v obdobju vzorčenja 2014–2024 v tej študiji. Pridnene vrste hrustančnic, zabeležene v Marmar-
skem morju v zadnjih 10 letih, so označene s kljukico () v stolpcu 2025; ti zapisi predstavljajo posodobljen seznam 
vrst hrustančnic. C označuje veljavno merilo za potrjeno ali nepotrjeno prisotnost (Kovačić in sod., 2020). Vrste 
hrustančnic, ki niso vključene v posodobljeni popis, so prikazane s krepko pisavo.

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 2025 C

Hexanchus griseus + + + + +  1

Galeus melastomus + + + + +  1

Scyliorhinus canicula + + + + + + + + +  1

Scyliorhinus stellaris + + + + +  2

Mustelus asterias + + + + + +  1

Mustelus mustelus + + + + + + + +  1

Mustelus punctulatus +  5

Galeorhinus galeus + +  2

Dalatias licha + 1

Oxynotus centrina + + + + + + +  1

Centrophorus uyato + + + +  1

Squalus acanthias + + + + + + + + +  1

Squalus blainville + + + + + +  1

Echinorhinus brucus + + +  2

Squatina oculata +  2

Squatina squatina + + + + + +  1

Tetronarce nobiliana + 13

Torpedo marmorata + + + + + +  1

Torpedo torpedo + + + 5

Dipturus batis + + + +  5

Dipturus oxyrinchus + + +  2
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supporting data. Therefore, although listed in the 
most recent ichthyological checklist (Bilecenoğlu, 
2024), T. nobiliana and G. altavela were excluded 
from our updated inventory. 

The occurrence of Raja asterias in the SoM was 
first reported by Mater and Meriç (1996), again 
without information where the examined specimen 
was captured and without a voucher specimen 
stored for further inspection. In 2009, another 
purported specimen of R. asterias was recorded 
in the southwestern SoM (Torcu Koç et al., 2012); 
although detailed collection data were provided 
(capture depth and coordinates, substratum type 
etc.), photographic evidence later revealed that the 
specimen was a misidentified juvenile R. clavata 
(Kabasakal et al., 2025a). The occurrence record 
for R. montagui is also based on Mater and Meriç 
(1996) and does not provide the relevant informa-
tion (e.g., original source reference) for this species 
either. Therefore, the only applicable criterion for 
SoM records of both R. asterias and R. montagui is 
exclusion Criterion 14, which is employed when a 
species’ reported presence cited in a review pub-
lication is traceable to an original reference that, 
upon inspection, proves to have been based on 
synonymization or misidentification. Although R. 
brachyura was included in another recent elasmo-
branch inventory of the SoM (Artüz & Fricke, 2024), 
it does not appear in our updated list – not even as 
a ‘questionable’ or ‘unconfirmed’ species – due to 
its documented absence from Turkish seas (Kaba-
sakal, 2002; Bilecenoğlu, 2024). Its inclusion in the 
aforementioned checklist may stem from misidenti-
fication of the polymorphic R. clavata (Criterion 14, 
Kovačić et al., 2020), as emphasised by Kabasakal 
et al. (2025a).

Karadurmuş and Sarı (2024) recently reported 
Mustelus punctulatus from the SoM for the first time. 
However, their record was not supported by any mor-
phological, genetic, or photographic evidence, aside 
from locality data. The principal diagnostic feature 
used to identify M. punctulatus is the presence of 
black spots on the body (Ebert et al., 2021). Although 
Marino et al. (2018) note that black spots are almost 
exclusively associated with M. punctulatus, they 
also emphasise that their absence is not diagnostic 
of M. mustelus. Furthermore, Ebert and Stehmann 
(2013) pointed out that some M. mustelus specimens 
may also exhibit dark spotting. In this taxonomi-
cally challenging situation, a second diagnostic key 
feature for M. punctulatus is the presence of fringed 
posterior margins on the dorsal fins (Marino et al., 
2018). Bello et al. (2014) proposed a best-practice 
approach for avoiding unverified or unverifiable ‘first 
records’ in ichthyology, which entails the preparation 
and deposition of a voucher specimen in a curated 
collection, accompanied by photographs, meristic 
and morphometric data, and, where possible, a DNA 
sequence (barcode). This protocol was not followed 
for the M. punctulatus record reported by Karadurmuş 
and Sarı (2024). The same authors also reported a 
new occurrence of Dipturus batis in the SoM, based 
on a single specimen captured off the northern coast 
(Karadurmuş & Sarı, 2024). Aside from the locality 
data, no supporting material (e.g., morphometric data 
or photographs) was provided to substantiate this im-
portant record, contrary to the verification standards 
proposed by Bello et al. (2014). Although D. batis 
appears in the recent checklists of Bilecenoğlu (2024) 
and Artüz and Fricke (2024), its inclusion is based on 
two historical references (Deveciyan, 1915; Ninni, 
1923). Notably, Kabasakal et al. (2024b) reported 

Leucoraja naevus + 2

Raja asterias + + 14

Raja clavata + + + + + + +  1

Raja miraletus + + + +  1

Raja montagui + 14

Raja radula + +  1

Dasyatis pastinaca + + + + +  1

Dasyatis tortonesei + +  5

Gymnura altavela + 13

Aetomylaeus bovinus +  2

Myliobatis aquila + + + + +  1

Number of species 
per reference 17 13 10 9 4 3 8 8 1 3 1 2 1 12 14 2 1 1 16 25
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sympatric D. oxyrinchus almost at the same location 
where Karadurmuş and Sarı (2024) claimed D. batis. 
As D. oxyrinchus and D. batis are morphologically very 
similar (Ebert & Stehmann, 2013; Barone et al., 2022), 
they may be confused by researchers not specialising 
in elasmobranchs. Because of ambiguous evidence, 
the presence of M. punctulatus and D. oxyrinchus 
in the SoM was classified as confirmed only under 
the lowest applicable criterion (Criterion 5; defined 
above). We hope that future studies will obtain ad-
ditional specimens to clarify the occurrence of these 
elasmobranchs in the SoM, allowing their status to be 
assessed against more robust criteria.

Finally, a recent study showed that either a highly 
differentiated variety of S. blainville or an undescribed 
species within the S. megalops clade may occur in the 
SoM (Kabasakal et al., 2024c). Given the uncertainties 

surrounding several elasmobranch species – primarily 
arising from potential misidentifications by non-taxon-
omists or researchers without specialised expertise in 
elasmobranchology and species-specific polymorphism 
– a genetically informed revision of the elasmobranch 
fauna of the SoM is urgently needed. To summarise this 
section, as of 16 June 2025, the updated inventory of 
demersal elasmobranchs of the SoM consists of the fol-
lowing species: Hexanchus griseus, Galeus melastomus, 
Scyliorhinus canicula, S. stellaris, Mustelus asterias, M. 
mustelus, M. punctulatus, Galeorhinus galeus, Oxynotus 
centrina, Centrophorus uyato, Squalus acanthias, S. 
blainville, Echinorhinus brucus, Squatina oculata, S. 
squatina, Torpedo marmorata, Dipturus batis, D. oxy-
rinchus, Raja clavata, R. miraletus, R. radula, Dasya-
tis pastinaca, D. tortonesei, Aetomylaeus bovinus, and 
Myliobatis aquila (Tab. 2).

Fig. 2: Examples of sharks and batoids occurring in the SoM: (a) Hexanchus griseus; (b) Echinorhinus brucus; 
(c) Oxynotus centrina; and (d) Myliobatis aquila. All specimens were held in a survival tank until examination 
and subsequently released alive (photos: Hakan Kabasakal & F. Saadet Karakulak).
Sl. 2: Primeri morskih psov in skatov, ki se pojavljajo v južnem delu Marmarskega morja: (a) Hexanchus griseus; 
(b) Echinorhinus brucus; (c) Oxynotus centrina; in (d) Myliobatis aquila. Vsi primerki so bili do pregleda shranjeni 
v rezervoarju za preživetje in nato živi izpuščeni na prostost (fotografije: Hakan Kabasakal in F. Saadet Karakulak).
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Dispersal/settlement success of demersal 
elasmobranch species

The PCA incorporating basic life history charac-
teristics, first and last record dates, and bathymetric 
distribution (depth ranges) for the 32 demersal 
elasmobranch species recorded in the SoM (Tab. 2) 
explained 47.62% of the total variance (Fig. 3). In 
contrast, a second PCA considering only the spe-
cies’ first and last record dates and their common 
depth ranges in the SoM, accounted for a variance of 
approximately 61.34% (Fig. 3). While records from 
the SoM preceding 1990 show that elasmobranch 

species were more common in the deep continental 
shelf (100–200 m depth) and in waters deeper than 
200 m, since the 2000s, these species have mostly 
been recorded at depths of 0–100 m. The PCA model 
based solely on common depth ranges and record-
ing dates showed a 13.72% difference in explained 
variance compared to the PCA including basic life 
history parameters – such as maximum size, size at 
sexual maturity, and generation length – of demer-
sal elasmobranchs. This suggests that adaptability 
to shallower waters is a key factor influencing the 
spatial distribution of demersal elasmobranch spe-
cies in the SoM.

Fig. 3: Plots of Principal Component Analysis (PCA) of demersal elasmobranch species of the SoM, based on (a) all 
available data, and (b) only the first and last record dates and the common depths at which individuals were recorded 
in the SoM. The three-letter abbreviations next to the red triangles represent FAO codes for cartilaginous fishes, shown 
alongside their corresponding species names: Hexanchus griseus, SBL; Galeus melastomus, SHO; Scyliorhinus canicula, 
SYC; Scyliorhinus stellaris, SYT; Mustelus asterias, SDS; Mustelus mustelus, SMD; Mustelus punctulatus, MPT; Galeorhinus 
galeus, GAG; Dalatias licha, SCK; Oxynotus centrina, OXY; Centrophorus uyato, CPU; Squalus acanthias, DGS; Squalus 
blainville, QUB; Echinorhinus brucus, SHB; Squatina oculata, SUT; Squatina squatina, AGN; Tetronarce nobiliana, TTO; 
Torpedo marmorata, TTR; Torpedo torpedo, TTV; Dipturus batis, RJB; Dipturus oxyrinchus, RJO; Leucoraja naevus, RJN; 
Raja asterias, JRS; Raja clavata, RJC; Raja miraletus, JAI; Raja montagui, RJM; Raja radula, JAR; Dasyatis pastinaca, JDP; 
Dasyatis tortonesei; JDO; Gymnura altavela; RGL; Aetomylaeus bovinus, MPO; Myliobatis aquila, MYL.
Sl. 3: Diagrami analize glavnih komponent (PCA) pridnenih vrst hrustančnic v Marmarskem morju, ki temeljijo na (a) 
vseh razpoložljivih podatkih in (b) le na datumu prvega in zadnjega zapisa ter skupnih globinah, na katerih so bili 
primerki osebki zabeleženi v Marmarskem morju. Tri črkovne okrajšave poleg rdečih trikotnikov predstavljajo kode FAO 
za hrustančnice, prikazane poleg njihovih ustreznih imen vrst: Hexanchus griseus, SBL; Galeus melastomus, SHO; Scylio-
rhinus canicula, SYC; Scyliorhinus stellaris, SYT; Mustelus asterias, SDS; Mustelus mustelus, SMD; Mustelus punctulatus, 
MPT; Galeorhinus galeus, GAG; Dalatias licha, SCK; Oxynotus centrina, OXY; Centrophorus uyato, CPU; Squalus acanthias, 
DGS; Squalus blainville, QUB; Echinorhinus brucus, SHB; Squatina oculata, SUT; Squatina squatina, AGN; Tetronarce 
nobiliana, TTO; Torpedo marmorata, TTR; Torpedo torpedo, TTV; Dipturus batis, RJB; Dipturus oxyrinchus, RJO; Leucoraja 
naevus, RJN; Raja asterias, JRS; Raja clavata, RJC; Raja miraletus, JAI; Raja montagui, RJM; Raja radula, JAR; Dasyatis 
pastinaca, JDP; Dasyatis tortonesei; JDO; Gymnura altavela; RGL; Aetomylaeus bovinus, MPO; Myliobatis aquila, MYL.
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Environmental implications

Table 3 compares the maximum recorded depths 
of demersal elasmobranchs in the SoM with records 
from other regions of the Mediterranean Basin. The 
table highlights notable differences in maximum re-
corded depths depending on the year of observation 
in SoM-specific studies. Specifically, in the early 
1990s, elasmobranch species were recorded down 
to upper slope depths (≤500 m) throughout the SoM; 
however, since the mid-2000s, their bathymetric 
ranges have been restricted to shelf waters (see as-
terisked references in Tab. 3). The only exceptions 
to this narrowing of the bathymetry were observa-
tions of E. brucus and G. melastomus in the Tekirdağ 
Trench (northwestern SoM) at depths below 1,000 m. 
(Kabasakal et al., 2005; Oral, 2010). Several elasmo-
branchs (marked with an “δ”) that elsewhere in the 
Mediterranean inhabit shelf waters as well as upper 
and lower slope depths (e.g., Follesa et al., 2019; 
Ruiz-García et al., 2023; Deval & Mutlu, 2024) have, 
in the SoM since the mid-2000s, had maximum 
recorded depths restricted to outer and even inner 
shelf waters (see asterisked references in Table 3). 
Daban et al. (2021) reported that the number of elas-
mobranch species in the SoM increases with depth, 
and that the highest catch per unit of effort (CPUE; 
kg/km²) for H. griseus, M. asterias and S. acanthias 
was recorded at depths between 100 and 200 m. This 
suggests a distribution largely restricted to outer shelf 
waters. They also observed increased CPUE for M. 
mustelus, S. squatina, and several batoids at depths 
of 20–50 m. Karadurmuş and Sarı (2024) reported 
a similar shelf-restricted bathymetric distribution for 
elasmobranchs in the region. A recent study by Ka-
basakal (2025) found that the spatial distribution and 
abundance (number/km2) of demersal elasmobranchs 
in the SoM are now restricted to the inner shelf at 
depths of 50–100 m. The author attributes this to ver-
tical habitat compression, driven by deoxygenation 
and the emergence of dead zones in deep shelf and 
bathyal waters – a process particularly severe in the 
environmental degraded eastern SoM.

Based on correlations between captures of H. 
griseus and environmental parameters, Kabasakal 
et al. (2024d) concluded that the recent increase in 
bluntnose sixgill shark captures in continental shelf 
waters is primarily associated with an annual rise in 
dissolved organic compounds (NO2+NO3 nitrogen 
and PO4 phosphorus) in bathyal waters. They also 
found that deteriorating environmental conditions 
and progressive deoxygenation in the deep waters 
of the SoM coincide with a reduction in the capture 
depth of H. griseus on the continental shelf. Severe 
hypoxia in deep continental shelf waters (>100 m) 
and anoxia in the slope waters of the northeastern 
SoM drastically constrict the bathymetric and spatial 

distribution of demersal elasmobranchs in the region. 
PCA shows that, since the 2000s, records of demer-
sal elasmobranchs have been concentrated at depths 
shallower than 150 m, reflecting the ongoing mass 
migration of these species toward continental shelf 
areas. This suggests that ‘adaptability to shallows on 
the continental shelf’ is a key factor in determining 
the spatial distribution of these species in the SoM. 

So what is the future of the demersal elasmo-
branchs still struggling to survive in the SoM today? 
According to Diaz and Rosenberg (2008), these 
species may recolonise their former habitats if dis-
solved oxygen (DO) levels and ecosystem functions 
improve, although they may not reach pre-hypoxia 
levels. Historical observations support the one-time 
suitability of deeper waters for demersal cartilagi-
nous fish: E. brucus was recorded at 1,214 m in the 
Tekirdağ Trench in northwestern SoM in the early 
2000s (Kabasakal et al., 2005), and G. melastomus 
was sampled at similar depths in the same region in 
2008 (Oral, 2010). Additionally, Gallo et al. (2019) 
noted that certain elasmobranch species, such as cat 
sharks (e.g., Cephalurus cephalus), can tolerate sub-
oxic conditions and withstand hypoxia better than 
previously believed. The species list presented in the 
1974 Environmental Impact Assessment (EIA) report 
prepared by the Hydrobiology Research Institute to 
provide biological information prior to the construc-
tion of a sewage system discharging into the Bospho-
rus Strait – the gateway between the SoM and the 
Black Sea – offers insight into the historical species 
richness of elasmobranchs in the SoM (Anonymous, 
1974; Fig. 4). Although the taxonomy used in the 
report is no longer valid, it is still possible to identify 
many of the listed species, especially pelagic ones, 
that have been absent from the region for years. 

The extreme rarity of large pelagic sharks in 
the SoM is both remarkable and alarming. Early 
ichthyological inventories (Ninni, 1923; Deveciyan, 
1926; Anonymous, 1974) considered the following 
pelagic shark species to be seasonal visitors to or 
residents of the region: Alopias vulpinus, Cetorhinus 
maximus, Carcharodon carcharias, Lamna nasus, 
and Prionace glauca. In addition, A. superciliosus 
was first recorded in the SoM in 2007 (Kabasakal 
& Karhan, 2008), with a second specimen captured 
in 2011. Since then, no A. superciliosus specimens 
have been captured or sighted. Today, all pelagic 
sharks except A. vulpinus have been extirpated from 
the SoM, and even incidental captures or sightings 
of this remaining species are becoming increasingly 
rare. This decline coincides with the warming of the 
region: over the past 20 years, the annual average 
sea surface temperature (SST) in the seas of Türkiye 
has increased by 0.4–1.4 °C due to global warming 
and climate change, with the SoM being the second 
most affected after the Black Sea (Demircan, 2022). 
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Tab. 3: Comparison between maximum recorded depths for demersal elasmobranchs included in the updated SoM 
inventory and values recorded in various studies from other regions of the Mediterranean. Notes: § species observed 
at the surface, no maximum depth record available; µ record based on data from a commercial fisherman, no maxi-
mum depth record available; δ species with bathyal distribution in Mediterranean subregions; * study specific to SoM.
Tab. 3: Primerjava med največjimi zabeleženimi globinami za pridnene hrustančnice, vključene v posodobljen popis 
vrst v Marmarskem morju, in vrednostmi, zabeleženimi v različnih študijah iz drugih regij Sredozemlja. Opombe: 
§ - vrste, opažene na površini, ni na voljo zapisa o največji globini; µ - zapis temelji na podatkih komercialnega 
ribiča, ni na voljo zapisa o največji globini; δ - vrste z batialno razširjenostjo v sredozemskih podregijah; * študija, 
specifična za Marmarsko morje.
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Hexanchus griseusδ 188 – 350 – – – – 800 200 537 – –

Galeus melastomusδ 140 500 350 – 1213 – – 800 – 685 800 –

Scyliorhinus caniculaδ 124 500 350 – – 60 – 800 200 649 600 146

Scyliorhinus stellaris  – – – – – – – 200 200 – – 146

Mustelus asterias – 500 350 – – – – 200 200 – – 45

Mustelus mustelus 188 100 350 – – – – 200 200 – 200 85

Mustelus punctulatus – – – – – – – 200 – – – 146

Galeorhinus galeus§ – – – – – – – 800 – – – –

Oxynotus centrinaδ 66 500 – – – – – 800 200 214 600 146

Centrophorus uyatoδ 150 500 270 – – – – 800 – 588 800 –

Squalus acanthiasδ 140 200 350 – – – – 800 200 – – 146

Squalus blainvilleδ  140 500 350 – – – – 800 200 – 600 –

Echinorhinus brucus 150 – – 1214 – – – – – – – –

Squatina oculataµ – – – – – – – – – – – –

Squatina squatina – – – – – – – – 50 – – 47

Torpedo marmorata 116 200 – – – 45 – 200 200 257 300 85

Dipturus batis – – – – – – – – – – – 68

Dipturus oxyrinchusδ 100 500 – – – – – 800 – 329 600 –

Raja clavataδ 188 500 – – – 45 – 800 50 329 500 146

Raja miraletus 95 – – – – – – 200 – – 200 85

Raja radula 25 – – – – – – 200 – – – –

Dasyatis pastinaca 84 200 – – – – – 200 50 133 200 146

Dasyatis tortonesei 67 – – – – – – – – – – –

Aetomylaeus bovinus – – – – – – 3 200 – 73 – –

Myliobatis aquila 90 200 – – – – – 200 200 73 – 85
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Fig 4: Pelagic and demersal elasmobranch species reported from the southern entrance of the Bosphorus 
Strait (northeastern SoM) in the Environmental Impact Assessment (EIA) report compiled by the Hydrobiology 
Research Institute (adapted from Anonymous, 1974).
Sl. 4: Pelaške in pridnene vrste hrustančnic, o katerih so poročali pri južnem vhodu v Bosporsko ožino 
(severovzhodni del Marmarskega morja) v poročilu o presoji vplivov na okolje (EIA), ki ga je sestavil Raziskovalni 
inštitut za hidrobiologijo (prirejeno po Anonymous, 1974).
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This rise in seawater temperatures has reduced the 
solubility of DO, causing elasmobranch species to 
become less tolerant of hypoxia, as their metabolic 
rates increase in parallel with warming (Breitburg et 
al., 2018; Waller et al., 2024). Vedor et al. (2021) 
suggested that the expanding oxygen minimum zones 
(OMZs) driven by climate change – (through shoal-
ing of low-DO waters and rising SST) – will compress 
the habitat of pelagic sharks, such as the blue shark, 
P. glauca, forcing them into surface waters above the 
OMZs and thereby reducing their overall available 
habitat volume. Such dynamic is indeed described 
by the OMZ ‘habitat trap’ hypothesis. According to 
Sims (2019), the high oxygen demands of pelagic 
sharks compel them to retreat to normoxic zones 
when encountering oxygen-depleted waters of the 
open ocean (like those in the SoM). Consequently, 
the apparent absence of most pelagic shark species 
(except A. vulpinus) from the SoM today is likely 
due to regional deoxygenation and an increased 
rate of their incidental capture in the resulting OMZ 
habitat trap. It seems that decades of environmental 
degradation, marine pollution, and deoxygenation 
in the SoM have reduced the region’s elasmobranch 
fauna largely to demersal species. This highlights 
the potentially devastating impact of environmental 
degradation on marine fauna and biodiversity. A 
comparable depletion of large mesopredators such 
as G. galeus and Carcharhinus plumbeus, and top 
predators such as A. vulpinus, L. nasus, and P. glauca, 
has been recorded in the Adriatic Sea, where envi-
ronmental variability, in addition to fisheries, has 
been suggested to impact elasmobranch abundance 
(Barausse et al., 2014).

In conclusion, while overfishing was once consid-
ered the primary threat to chondrichthyans (sharks, 
rays, and chimaeras) (Stevens et al., 2000), habitat 
degradation, pollution, and climate change are now 
recognised as additional major drivers of species loss 
in this group (Dulvy et al., 2021). Based on the as-
sessment of fish communities across several aquatic 
ecosystems worldwide, Moyle and Leidy (1992) 
concluded that most faunas are in serious decline, 
primarily due to commercial exploitation, habitat 
alteration, and pollution, and therefore require im-
mediate protection. Pollom et al. (2024) reported of 
two South African cat shark species (Haploblepharus 

fuscus and H. kistnasamyi) threatened not only by 
overfishing but also by coastal urbanisation, indus-
trialisation, and increasing marine pollution. The 
combined pressures have led to both species being 
categorised as ‘Vulnerable’ on the Red List. The find-
ings of Pollom et al. (2024) align with numerous other 
studies demonstrating the drastic effects of human 
activities on regional fish faunas, as also documented 
by Bin Aziz et al. (2021) and Yang et al. (2024). The 
assumption that shallow continental shelf areas may 
become a habitat trap for demersal elasmobranchs – 
forcing these out of deep waters and exposing them 
to higher fishing pressure – has now materialised in 
the SoM, as pointed out by Kabasakal et al. (2023b) 
and Waller et al. (2024). According to Akoğlu et al. 
(2024), the pattern traditionally observed in demer-
sal fishery – years of overfishing followed by stock 
collapse and gradual recovery over decades – no 
longer holds true for demersal elasmobranchs in 
the SoM. Although Important Shark and Ray Areas 
(ISRAs) have recently been designated in the SoM 
(Jabado et al., 2023) – that confirm the presence of 
25 demersal elasmobranch species and encompass 
potential breeding grounds for various taxa (e.g., S. 
canicula, O. centrina, S. blainvillei and M. aquila) 
distributed across the region (Daban et al., 2021; 
Kabasakal et al. 2024e, 2025b) – we propose that 
the entire SoM be declared an ISRA to protect the 
taxonomic diversity of these sensitive species in an 
area undergoing severe environmental degradation.
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POVZETEK

Pričujoča raziskava temelji na vzorcih 16 vrst hrustančnic (devet vrst morskih psov in sedem vrst skatov), 
pridobljenih med letoma 2014 in 2024 v Marmarskem morju (SoM). V istem obdobju so drugi raziskovalci 
na istem območju zabeležili še dodatnih devet vrst (šest vrst morskih psov in tri vrste skatov). V zadnjih 
100 letih je bilo na območju SoM tako zabeleženih 32 vrst pridnenih hrustančnic (16 vrst morskih psov in 
16 vrst skatov), vendar uporaba meril za „potrjeno ali nepotrjeno prisotnost na podlagi dokazov“ trenutno 
število zmanjša na 25 (15 vrst morskih psov, 10 vrst skatov). Analiza glavnih komponent (PCA) kaže, da je 
prilagodljivost plitvejšim vodam zdaj ključnega pomena za prostorsko porazdelitev pridnenih hrustančnic 
v morskem okolju. Ta premik jasno kaže, kako dramatično so degradacija okolja, onesnaževanje morja in 
deoksigenacija v zadnjih 40 letih zmanjšali favno hrustančnic v regiji, predvsem  pridnenih vrst, kar poudarja 
potencialno uničujoč vpliv takšne degradacije na biotsko raznovrstnost.

Ključne besede: Elasmobranchii, preživetje, ohranjanje, inventarizacija, Marmarsko morje, Turčija



ANNALES · Ser. hist. nat. · 35 · 2025 · 2

237

Hakan KABASAKAL & F. Saadet KARAKULAK: DEMERSAL ELASMOBRANCHS OF THE SEA OF MARMARA: UPDATED INVENTORY, TAXONOMIC ISSUES, AND ..., 221–242

REFERENCES

Akoğlu, E., İ. Saygu & N. Demirel (2024): Decadal 
changes in the Sea of Marmara indicate degraded eco-
system conditions and unsustainable fisheries. Front. 
mar. sci., 11 (1412656). https://doi.org/ 10.3389/
fmars.2024.1412656.

Anonymous (1974): Biological information for 
sewage disposal in the Bosphorus, Hydrobiological 
Research Institute, Project I/1974.

Anonymous (2017): MEDITS-Handbook, Version n. 
9, MEDITS Working Group, 106 pp.

Artüz, M.L. & R. Fricke (2024): The marine carti-
laginous fishes and sturgeons of the Sea of Marmara: an 
updated and annotated checklist. Zootaxa, 5501, 531-
541. https://doi.org/10.11646/zootaxa.5501.4.3.

Barausse, A., V. Correale, A. Curkovic, L. Finotto, E. 
Riginella, E. Visentin & C. Mazzoldi (2014): The role of 
fisheries and the environment in driving the decline of 
elasmobranchs in the northern Adriatic Sea. ICES J. Mar. 
Sci., 71, 1593-1603. doi:10.1093/icesjms/fst222.

Barone, M., C. Mazzoldi & F. Serena (2022): 
Sharks, rays and chimaeras in Mediterranean and Black 
Seas – Key to identification. FAO, Rome, 87 pp. https://
doi.org/10.4060/cc0830en.

Bello, G., R. Causse, L. Lipej & J. Dulčić (2014): 
A proposed best practice approach to overcome un-
verified and unverifiable “first records” in ichthyology. 
Cybium, 38, 9-14.

Benli, H.A., B. Cihangir & K.C. Bizsel (1993): A 
new record for the Sea of Marmara; (Family: Squalidae) 
Centrophorus granulosus (Bloch & Schneider, 1801). 
Turk. J. Zool., 17, 133-135.

Beşiktepe, Ş.T., H.İ. Sur, E. Özsoy, M.A. Latif, T. 
Oğuz & Ü. Ünlüata (1994): The circulation and hydrog-
raphy of the Marmara Sea. Prog. Oceanogr., 34, 285-
334. https://doi.org/10.1016/0079-6611(94)90018-3.

Bilecenoğlu, M. (2019): First record of Aetomylaeus 
bovinus (Geoffroy St. Hilaire, 1817) Elasmobranchii: 
Myliobatidae), from the Sea of Marmara. J. Black Sea/
Medit., 25, 182-187.

Bilecenoğlu, M. (2024): Diversity of fishes along 
the coast of Türkiye. Turk. J. Zool., 48, 589-616. https://
doi.org/10.55730/1300-0179.3197.

Bilecenoğlu, M., E. Taşkavak, S. Mater & M. Kaya 
(2002): Checklist of the marine fishes of Turkey. 
Zootaxa, 113, 1-194.

Bilecenoğlu, M., M. Kaya, B. Cihangir & E. 
Çiçek (2014): An updated checklist of the marine 
fishes of Turkey. Turk. J. Zool., 38, 901-929. https://doi.
org/10.3906/zoo-1405-60.

Bin Aziz, S., N.A. Hasan, M.R. Mondol, M. Alam 
& M.M. Haque (2021): Decline in fish species di-
versity due to climatic and anthropogenic factors in 
Hakaluki Haor, an ecologically critical wetland in 
northeast Bangladesh. Heliyon, 7, e05861. https://doi.
org/10.1016/j.heliyon.2020.e05861.

Breitburg, D., L.A. Levin, A. Oschlies, M. Gré-
goire, F.P. Chavez, D.J. Conley, V. Garçon, D. Gilbert, 
G. Gutiérrez, K. Isensee, G.S. Jacinto K.E. Limburg, I. 
Montes, S.W.A. Naqvi, G.C.  Pitcher, N.N. Rabalais, 
M.R. Roman, K.A. Rose, B.A. Seibel, M. Telszewski, 
M. Yasuhara & J. Zhang (2018): Declinig oxygen in 
the global ocean and coastal waters. Science 359, 
eaam7240. doi: 10.1126/science.aam7240.

ÇŞİDB, TUBİTAK-MAM (2021): Denizlerde 
Bütünleşik Kirlilik İzleme Programı 2014-2019 
Marmara Denizi Özet Raporu, TÜBİTAK-MAM 
Matbaası, Kocaeli. [in Turkish].

Daban, İ.B., A. İşmen, M. Şirin, C.Ç. Yığın & M. 
Arslan İhsanoğlu (2021): Analysis of Demersal Fish 
Fauna off the Sea of Marmara, Turkey. COMU-JMSF., 
4, 20-31. https://doi.org/10.46384/jmsf.912403.

Demircan, M. (2022): Climate Change’s Impact 
on Turkish Seas’ Temperature and Aquaculture. 
JENAS., 4, 96-108. https://doi.org/10.53472/je-
nas.1096917.

Demirel, N., M. Zengin & A. Ulman (2020): 
First large-scale eastern Mediterranean and Black 
Sea stock assessment reveals a dramatic decline. 
Front. mar. sci., 7, 103. https://doi.org/10.3389/
fmars.2020.00103.

Deval, M.C. & E. Mutlu (2024): Spatio-temporal 
density of the demersal chondrichthyes assemblage 
in an upper bathyal of the eastern Mediterranean 
Sea. Mar. Biodivers., 54, 31. https://doi.org/10.1007/
s12526-024-01423-x.

Devedjian, K. (1915): Balık ve Balıkçılık. 
İstanbul: Düyun-u Umumiye-i Osmaniye Varidat-ı 
Mahsusa İdare-i Merkeziyesi Matbaası. [in Turkish].

Deveciyan, K. (1926): Pêche et Pécheries en 
Turquie. Imprimerie de l’Administration de la Dette 
Publique Ottomane, Istanbul, 480 pp.

Diaz, R.J. (2016): Anoxia, hypoxia, and dead 
zones. In: M.J. Kennish (Ed.). Encyclopedia of Estu-
aries, Springer Science+Business Media, Dordrecht, 
pp. 19–29. http://dx.doi.org/10.1007/978–94–017–
8801–4.

Diaz, R.J. & R. Rosenberg (2008): Spreading dead 
zones and consequences for marine ecosystems. 
Science, 321, 926–929. http://dx.doi.org/10.1126/
science.1156401.

Dulvy N.K., N. Pacoureau, C.L. Rigby, R. A. Pol-
lom, R.W. Jabado, D.A. Ebert, B. Finucci, C.M. Pol-
lock, J. Cheok, D.H. Derrick, K.B. Herman, C.S. Sher-
man, W.J. VanderWight, J.M. Lawson, R.H.L. Walls, 
J.K. Carlson, P. Charvet, K.K. Bineesh, D. Fernando, 
G.M. Ralph, J.H. Matsushiba, C. Hilton-Taylor, S.V. 
Fordham & C.A. Simpfendorfer (2021): Overfishing 
drives over one-third of all sharks and rays toward a 
global extinction crisis. Curr. Biol., 31, 1-15. https://
doi.org/10.1016/j.cub.2021.08.062.



ANNALES · Ser. hist. nat. · 35 · 2025 · 2

238

Hakan KABASAKAL & F. Saadet KARAKULAK: DEMERSAL ELASMOBRANCHS OF THE SEA OF MARMARA: UPDATED INVENTORY, TAXONOMIC ISSUES, AND ..., 221–242

Ebert, D.A. & M.F.W. Stehmann (2013): Sharks, 
batoids, and chimaeras of the North Atlantic, FAO 
Species Catalogue for Fishery Purposes. No. 7. FAO, 
Rome, 523 pp.

Ebert, D.A., M. Dando & S. Fowler (2021): 
Sharks of the World: A Complete Guide. Princeton 
University Press, Princeton, 608 pp.

Ellis, J.R. & N.K. Dulvy (2016): Leuc-
oraja naevus (Mediterranean assessment). The 
IUCN Red List of Threatened Species 2016: 
e.T161626A16527841.

Ellis, J.R., S.R. McCully Phillips & F. Poisson 
(2016a): A review of capture and post-release mor-
tality of elasmobranchs. J. Fish Biol., 90, 653-722. 
https://doi.org/10.1111/jfb.13197.

Ellis, J.R., F. Serena, C. Mancusi, F. Haka, 
G. Morey, J. Guallart & T. Schembri (2016b): 
Scyliorhinus stellaris (Mediterranean assessment). 
The IUCN Red List of Threatened Species 2016: 
e.T161484A16527873.

Ellis, J.R., A. Soldo, M. Dureuil & S. Fordham 
(2016c): Squalus acanthias (Mediterranean assess-
ment). The IUCN Red List of Threatened Species 
2016: e.T91209505A16527761.

Ellis, J.R., A. Abella, F. Serena & M.F.W. Ste-
hmann (2016d): Dipturus oxyrinchus (Mediterra-
nean assessment). The IUCN Red List of Threatened 
Species 2016: e.T63100A16527733.

Ellis, J.R., N.K. Dulvy & F. Serena (2016e): 
Raja clavata (Mediterranean assessment). The 
IUCN Red List of Threatened Species 2016: 
e.T39399A103113598.

Ellis, J.R., F. Serena & N. Dulvy (2016f): 
Raja montagui (Mediterranean assessment). 
The IUCN Red List of Threatened Species 2016: 
e.T63146A16564906.

Ellis, J., S.R. McCully-Philipps, D. Sims, D. 
Derrick, J. Cheok & N.K. Dulvy (2021): Dipturus 
batis .  The IUCN Red List of Threatened Spe-
cies 2021: e.T203364219A203375487. https:/ /
d x . d o i . o r g / 1 0 . 2 3 0 5 / I U C N . U K . 2 0 2 1 - 2 . R LT S .
T203364219A203375487.en.

Eryılmaz, L. & N. Meriç (2005). Review of fish 
fauna of the Sea of Marmara. J. Black Sea/Medit., 
11, 153-178.

FAO, ACCOBAMS (2018): Good practice guide 
for the handling of sharks and rays caught inciden-
tally in Mediterranean pelagic longline fisheries. 
http://www.fao.org/3/i9152en/I9152EN.pdf.

Farrell, E.D., S. McCully, N.K. Dulvy, C. 
Mancusi & J.R. Ellis (2016a): Mustelus asterias 
(Mediterranean assessment). The IUCN Red List of 
Threatened Species 2016: e.T39357A16527992.

Farrell, E.D. & N.K. Dulvy (2016b): Muste-
lus mustelus (Mediterranean assessment). The 
IUCN Red List of Threatened Species 2016: 
e.T39358A16527988.

Ferretti, F. & E. Buscher (2016): Echinorhi-
nus brucus (Mediterranean assessment). The 
IUCN Red List of Threatened Species 2016: 
e.T41801A90728641.

Ferretti, F., G. Morey, F. Serena, C. Mancusi, 
R.P. Coelho, M. Seisay, F. Litvinov & E. Buscher 
(2016a): Squatina oculata (Mediterranean assess-
ment). The IUCN Red List of Threatened Species 
2016: e.T61418A16570000.

Ferretti, F., G. Morey, F. Serena, C. Mancusi, 
S.L. Fowler, F. Dipper & J.R. Ellis (2016b): Squati-
na squatina (Mediterranean assessment) (errata 
version published in 2016). The IUCN Red List of 
Threatened Species 2016: e.T39332A101695971.

Finucci, B., A. Barnett, K.K. Bineesh, J. Cheok, 
C.F. Cotton, Dharmadi, K.J. Graham, D.W. Kulka, 
F.C. Neat, N. Pacoureau, C.L. Rigby, S. Tanaka & T.I. 
Walker (2020): Hexanchus griseus. The IUCN Red 
List of Threatened Species 2020: e.T10030A495630. 
https://dx.doi.org/10.2305/IUCN.UK.2020-3.RLTS.
T10030A495630.en.

Finucci, B., D. Derrick, J. Dossa & A.B. Williams 
(2021): Tetronarce nobiliana. The IUCN Red List of 
Threatened Species 2021: e.T116861529A116861706. 
https://dx.doi.org/10.2305/IUCN.UK.2021-2.RLTS.
T116861529A116861706.en.

Follesa, M.C., M.F. Marongiu, W. Zupa, A. Bel-
lodi, A. Cau, R. Cannas, F. Colloca, M. Djurović, I. 
Isajlović, A. Jadaud, C. Manfredi, A. Mulas, P. Peri-
steraki, C. Porcu, S. Ramirez-Amaro, F. S. Jiménez, 
F. Serena, L. Sion, I. Thasitis, A. Cau & P. Carbonara 
(2019): Spatial variability of Chondrichthyes in the 
northern Mediterranean. In: Mediterranean demersal 
resources and ecosystems: 25 years of MEDITS trawl 
surveys (M.T. Spedicato, G. Tserpes, B. Mérigot & 
E. Massutí, eds.) Sci. Mar., 83S1, December 2019, 
81-100. ISSN-L 0214-8358 https://doi.org/10.3989/
scimar.04998.23A.

Gallo, N.D., L.A. Levin, M. Beckwith & J.P. 
Barry (2019): Home sweet suboxic home: remark-
able hypoxia tolerance in two demersal fish species 
in the Gulf of California. Ecology, 100 (3), e02539. 
https://doi.org/10.1002/ecy.2539.

Geldiay, R. (1969): İzmir Körfezinin Başlıca 
Balıkları ve Muhtemel İnvasionları. Ege Üniversitesi 
Matbaası, İzmir. [in Turkish].

GFCM (2018): GFCM Data Collection Reference 
Framework (DCRF). Version: 23.2., FAO, 190 p.

Guallart, J. & R. Walls (2015): Centrophorus 
uyato (Europe assessment). The IUCN Red List of 
Threatened Species 2015: e.T41745A72821789.

Gül, G. & N. Demirel (2021): Evaluation of 
the comprehensive feeding strategy and trophic 
role of overexploited mesopredator species in the 
Sea of Marmara (northeastern Mediterranean). 
Estuar. Coast. Shelf Sci., 259, 107448. https://doi.
org/10.1016/j.ecss.2021.107448.



ANNALES · Ser. hist. nat. · 35 · 2025 · 2

239

Hakan KABASAKAL & F. Saadet KARAKULAK: DEMERSAL ELASMOBRANCHS OF THE SEA OF MARMARA: UPDATED INVENTORY, TAXONOMIC ISSUES, AND ..., 221–242

Hammer, Ø., D.A.T. Harper & P.D. Ryan (2001): 
Past: Paleontological Statistics Software Package for 
Education and Data Analysis. Palaeontol. electronica, 
4, 9 pp. http://palaeo-electronica.org/2001_1/past/
issue1_01.htm.

Jabado, R.W. & D. Derrick (2021): Dasyatis torton-
esei. The IUCN Red List of Threatened Species 2021: 
e.T18907453A68783115. 

Jabado, R.W., E. García-Rodríguez, P.M. Kyne, R. 
Charles, A.H. Armstrong, J. Bortoluzzi, T.L. Mouton, 
A. GonzalezPestana, A. Battle-Morera, C. Rohner 
& G. Notarbartolo di Sciara (2023): Mediterranean 
and Black Seas: A regional compendium of Important 
Shark and Ray Areas, IUCN SSC Shark Specialist 
Group, Dubai.

JICA (1993): Marmara, Ege ve Akdenizde 
demersal balıkçılık kaynakları sörvey raporu. Ja-
ponya Uluslararası İşbirliği Ajansı (JICA), T.C. Tarım 
ve Köyişleri Bakanlığı Tarımsal Üretim ve Geliştirme 
Genel Müdürlüğü, Ankara, 579 p. [in Turkish].

Kabasakal, H. (2002): Elasmobranch species of the 
seas of Turkey. Ann. Ser. Hist. Nat., 12, 15-22.

Kabasakal, H. (2016): Status of Cartilaginous Fishes 
in the Sea of Marmara. In: E. Özsoy, M.N. Çağatay, N. 
Balkıs & B. Öztürk (Eds.). The Sea of Marmara - Marine 
Biodiversity, Fisheries, Conservation and Governance. 
İstanbul, Turkish Marine Research Foundation No: 42, 
pp. 903-918.

Kabasakal, H. (2022): Marmara Denizi’nde 
köpekbalıkları: İçdenizde yaşayan türlere güncel 
bilgiler ışığında bir bakış. In: B. Öztürk, H.A. Ergül, 
A.C. Yalçıner, H. Öztürk & B. Salihoğlu (Eds.). Mar-
mara Denizi 2022 Sempozyumu Bildiriler Kitabı, Türk 
Deniz Araştırmaları Vakfı, Publication No: 63, 8-9 
Ocak 2022 İstanbul, 337-343. [in Turkish]. 

Kabasakal, H. (2025): Effects of dissolved oxygen 
on distribution of chondrichthyes in eastern Sea of 
Marmara. PhD Thesis, Istanbul University, Institute of 
Graduate Studies in Sciences, Fisheries Technologies 
and Management Program, Istanbul, 165 pp.

Kabasakal, H. & S.Ü. Karhan (2008): On the occur-
rence of the bigeye thresher shark, Alopias supercilio-
sus (Chondricthyes: Alopiidae), in Turkish waters. Mar. 
Biodivers. Rec., 1,e69, 1-3. https://doi.org/10.1017/
S1755267207007452.

Kabasakal, H. & K.F. Türetken (2021): Photographic 
documentation of tope shark, Galeorhinus galeus 
(Linnaeus, 1758), in İstanbul Strait: Reoccurrence of 
a rare shark in troubled waters. J. Black Sea/Medit., 
27, 372-378

Kabasakal, H. & F.S. Karakulak (2024): A Review 
of Sharks and Batoids of the Sea of Marmara: Current 
Inventory, Conservation Issues and Future Projections. 
In: M. İşinibilir, A.E. Kıdeyş & A. Malej (Eds.). Ecologi-
cal Changes in the Sea of Marmara, İstanbul University 
Press, E-ISBN 978-605-07-1633-7. pp. 819-846. doi: 
10.26650/B/LSB21LSB37.2024.023.025.

Kabasakal, H., M.İ. Öz, S.Ü. Karhan, Z. 
Çaylarbaşı & U. Tural (2005): Photographic 
evidence of the occurrence of bramble shark, 
Echinorhinus brucus (Bonnaterre, 1788) (Squali-
formes: Echinorhinidae) from the Sea of Marmara. 
Annales, Ser. Hist. Nat., 15, 51-56.

Kabasakal, H., U. Uzer & F.S. Karakulak 
(2023a): Occurrence of deep-sea Squaliform 
sharks, Echinorhinus brucus (Echinorhinidae) and 
Centrophorus uyato (Centrophoridae), in Marmara 
shelf waters. Annales, Ser. Hist. Nat., 33, 27-36. 
https://doi.org/10.19233/ASHN.2023.05.

Kabasakal, H., S. Sakınan, L. Lipej & D. Ivajnšič 
(2023b): A preliminary life history traits analysis 
of sharks in the Sea of Marmara (Türkiye), where 
deoxygenation and habitat deterioration are rais-
ing concerns. Aquat. Res., 6, 72-82. https://doi.
org/10.3153/AR23008.

Kabasakal, H., U. Uzer & F.S. Karakulak 
(2024a): Where have you been hiding? Recurrence 
of Squatina oculata in the Sea of Marmara, with 
a review of the captures in Turkish seas. Aquat. 
Sci. Eng., 39, 200-205. https://doi.org/10.26650/ 
ASE20241406066.

Kabasakal, H., U. Uzer & F.S. Karakulak 
(2024b): Occurrence of longnosed skate, Dipturus 
oxyrinchus, in the Sea of Marmara. Annales, Ser. 
Hist. Nat., 34, 221-228. https://doi.org/10.19233/
ASHN.2024.27.

Kabasakal, H., U. Uzer & F.S. Karakulak (2024c): 
Is there a third species of the genus Squalus (Squali-
dae) present in the Marmara Sea, or just an extreme 
case of intraspecific variability of Squalus blainville? 
J. Ichthyol., 64, 727-736. https://doi.org/10.1134/
S0032945224700462.

Kabasakal, H., U. Uzer & F.S. Karakulak 
(2024d): Impact of fishing capacity and envi-
ronmental parameters on landings of Hexanchus 
griseus in the Sea of Marmara, Annales, Ser. Hist. 
Nat., 34, 257-272. https://doi.org/10.19233/
ASHN.2024.31.

Kabasakal, H., U. Uzer, O. Gönülal & F.S. Kara-
kulak (2024e): Bioecological lessons learned from 
the neonate longnose spurdogs Squalus blainville 
(Squaliformes: Squalidae) suggest a potential nurs-
ery ground in the Marmara Sea. Acta Adriatica, 65. 
https://doi.org/10.32582/aa.65.2.2.

Kabasakal, H., U. Uzer & F.S. Karakulak (2025a): 
Did Raja asterias ever occur in the Sea of Marmara 
or were previous records just the cases of misidenti-
fied Raja clavata? Turk. J. Zool., 49, 92-102. https://
doi.org/10.55730/1300-0179.3215.

Kabasakal, H., U. Uzer & F.S. Karakulak (2025b): 
Captures of maturing and gravid female angular 
roughsharks, Oxynotus centrina (Oxynotidae), 
in the Sea of Marmara. J. Ichthyol., 65, 282-290. 
https://doi.org/10.1134/S0032945224701029.



ANNALES · Ser. hist. nat. · 35 · 2025 · 2

240

Hakan KABASAKAL & F. Saadet KARAKULAK: DEMERSAL ELASMOBRANCHS OF THE SEA OF MARMARA: UPDATED INVENTORY, TAXONOMIC ISSUES, AND ..., 221–242

Karadurmuş, U. & M. Sarı (2024): Distribution 
and diversity of elasmobranchs in the Sea of Marmara: 
a 2023 status report. Aquat. Conserv.: Mar. Freshw., 
34, e4121. https://doi.org/10.1002/aqc.4121.

Kocataş, A., T. Koray, M. Kaya, & Ö.F. Kara (1993) 
Review of the fishery resources and their environ-
ment in the Sea of Marmara. Studies and Reviews 
No: 64, Fisheries and Environmental Studies in the 
Black Sea System, FAO, Rome, pp. 87-143.

Kovačić, M., L. Lipej & J. Dulčić (2020): Evidence 
approach to checklists: critical revision of the check-
list of the Adriatic Sea fishes. Zootaxa, 4767, 001-
055. https://doi.org/10.11646/zootaxa.4767.1.1.

Last P.R., B. Séret, M.F.W. Stehmann & S. Weig-
mann (2016): Skates - Family Rajidae, In: (W.T. 
White, M.R. de Carvalho, B. Séret, M.F.W. Stehmann, 
G.J.P. Naylor & L. Marshall) (Eds.). Rays of the world, 
CSIRO, Clayton South, pp. 204-363.

Mancusi, C., G. Morey & F. Serena (2016): Raja 
radula. The IUCN Red List of Threatened Species 
2016: e.T161339A16527984. 

Mantıkçı, M., H. Örek, M. Yücel, Z. Uysal, S. 
Arkın & B. Salihoğlu (2022): Marmara Denizi’nin 
güncel oksijen durumu ve müsilajın etkisi, In: B. 
Öztürk, H.A. Ergül, A.C. Yalçıner, H. Öztürk & B. 
Salihoğlu (Eds.). Marmara Denizi 2022 Sempozyumu 
Bildiriler Kitabı, Türk Deniz Araştırmaları Vakfı, Pub-
lication No: 63, 8-9 Ocak 2022 İstanbul, pp. 18-24. 
[in Turkish].

Marino, I.A.M., L. Finotto, F. Colloca, M. Di 
Lorenzo, M. Gristina, E.D. Farrell, L. Zane & C. 
Mazzoldi (2018): Resolving the ambiguities in 
the identification of two smooth-hound sharks 
(Mustelus mustelus and Mustelus punctulatus) 
using genetics and morphology. Mar. Biodiv., 48, 
1551-1562. https://doi.org/10.1007/s12526-017-
0701-8.

Mater, S. & N. Meriç (1996): Deniz balıkları - 
Pisces. In:  Türkiye Omurgalılar Tür Listesi (A. Kence 
& C.C. Bilgin, eds.). TÜBİTAK, Ankara, 133-172. [in 
Turkish].

McCully, S., M. Dureuil & E.D. Farrell (2016): 
Galeorhinus galeus (Mediterranean assessment). 
The IUCN Red List of Threatened Species 2016: 
e.T39352A16527949.

Meriç, N. (1995): A study on existence of some 
fishes on the continental slope of the Sea of Mar-
mara. Turk. J. Zool., 19, 191-198.

Moyle, P.B. & R.A. Leidy (1992): Loss of biodi-
versity in aquatic ecosystems: evidence from fish 
faunas. In: P.L. Fiedler & S.K. Jain (Eds.). Conserv. 
Biol. Springer, Boston, MA, pp. 127-169. https://
doi.org/10.1007/978-1-4684-6426-9_6.

Ninni, E. (1923): Primo contributo allo studio 
dei pesci e della pesca nelle acque dell’Impero Ot-
tomano. Premiate Officine Grafiche Carlo Ferrari, 
Venezia.

Notarbartolo di Sciara, G., F. Serena, N. Ungaro, 
F. Ferretti, S. Pheeha, B. Human, S. McCully & E. 
Buscher (2016): Torpedo marmorata (Mediterra-
nean assessment). The IUCN Red List of Threatened 
Species 2016: e.T161328A16527917.

Oral, M. (2010): A preliminary study on feeding 
habits of blackmouth catshark Galeus melastomus, 
Rafinesque, 1810, sampled from the Sea of Marma-
ra. p. 312-316. In: B. Öztürk (Ed.). Marmara Denizi 
2010 Sempozyumu, Bakırköy Yunus Emre Kültür 
Merkezi, Istanbul, 25-26 September 2010. Bildiriler 
Kitabı. Türk Deniz Araştırmaları Vakfı Istanbul. [in 
Turkish].

Pollom, R.A., J. Cheok, N. Pacoureau, K.S. 
Gledhill, P.M. Kyne, D.A. Ebert, R.W. Jabado, K.B. 
Herman, R.H. Bennett, C. da Silva, S. Fernando, B. 
Kuguru, R.W. Leslie, M.E. McCord, M. Samoilys, H. 
Winker, S.T. Fennessy, C.M. Pollock, C.L. Rigby & 
N.K. Dulvy, N.K. (2024): Overfishing and climate 
change elevate extinction risc of endemic sharks 
and rays in the southwest Indian Ocean hotspot. 
PLoS ONE, 19, e0306813. https://doi.org/10.1371/
journal.pone.0306813.

Rhasis Erazi, R.A. (1942): Marine fishes found in 
the Sea of Marmara and in the Bosphorus. İstanbul 
Üniversitesi Fen Fakültesi Mecmuası, Seri B, 7, 103-
115.

Rincón-Díaz, M.P., S.J. Pittman, I. Arismendi & 
S.S. Heppell (2018): Functional diversity metrics de-
tect spatio-temporal changes in the fish communities 
of a Caribbean marine protected area. Ecosphere, 9, 
e02433. https://doi.org/10.1002/ecs2.2433.

Ruiz-García, D., J.A. Raga, D. March, A.I. 
Colmenero, F. Quattrocchi, J.B. Company, L. 
Recasens & C. Barría (2023): Spatial distribution 
of the demersal chondrichthyan community from 
the western Mediterranean trawl bycatch. Front. 
mar. sci., 10:1145176. https://doi.org/ 10.3389/
fmars.2023.1145176.

Salihoğlu, B., B.F. Salihoğlu, D. Tezcan, S. 
Tuğrul, E. Akoğlu, K. Özkan & S. Arkın (2022): Sea 
of Marmara ecosystem under multiple stressors and 
rehabilitation plans, In: B. Öztürk, H.A. Ergül, A.C. 
Yalçıner, H. Öztürk & B. Salihoğlu (Eds.). Marmara 
Denizi 2022 Sempozyumu Bildiriler Kitabı, Türk 
Deniz Araştırmaları Vakfı, Yayın No: 63, 8-9 Ocak 
2022 İstanbul, pp. 49-53. [in Turkish].

Saygu, İ. & M.C. Deval (2014): The post-
release survival of two skate species discarded 
by bottom trawl fisheries in Antalya Bay, Eastern 
Mediterranean. TrJFAS, 14, 947-953. https://doi.
org/10.4194/1303-2712-v14_4_14.

Saygu, İ., E. Akoğlu, G. Gül, D. Bedikoğlu & N. 
Demirel (2023): Fisheries impact on the Sea of Mar-
mara ecosystem structure and functioning during 
the last three decades. Front. mar. sci., 9, 1076399. 
https://doi.org/10.3389/fmars.2022.1076399.



ANNALES · Ser. hist. nat. · 35 · 2025 · 2

241

Hakan KABASAKAL & F. Saadet KARAKULAK: DEMERSAL ELASMOBRANCHS OF THE SEA OF MARMARA: UPDATED INVENTORY, TAXONOMIC ISSUES, AND ..., 221–242

Serena, F. (2005): Field identification guide to 
the sharks and rays of the Mediterranean and Black 
Sea. FAO Species Identification Guide for Fishery 
Purposes. FAO, Roma.

Serena, F., J. Ellis, A. Abella, C. Mancusi, F. Haka, 
J. Guallart, N. Ungaro, R.P. Coelho, T. Schembri 
& M. Kirsteen (2015): Scyliorhinus canicula 
(Europe assessment). The IUCN Red List of Threat-
ened Species 2015: e.T161307554A201955962. 
https://dx.doi.org/10.2305/IUCN.UK.2015-1.RLTS.
T161307554A201955962.en. 

Serena, F., G. Notarbartolo di Sciara, & N. 
Ungaro (2016a): Torpedo torpedo (Mediterranean 
assessment). The IUCN Red List of Threatened Spe-
cies 2016: e.T161397A16527797.

Serena, F., A. Abella, R.H.L. Walls & N.K. Dulvy 
(2016b): Raja asterias (Mediterranean assessment). 
The IUCN Red List of Threatened Species 2016: 
e.T63120A16527773.

Serena, F., C. Mancusi, G. Morey & J.R. El-
lis (2016c): Dasyatis pastinaca (Mediterranean 
assessment) (errata version published in 2016). 
The IUCN Red List of Threatened Species 2016: 
e.T161453A97841681.

Serena, F., J. Holtzhausen, D.A. Ebert & C. 
Mancusi (2016d): Myliobatis aquila (Mediterranean 
assessment). The IUCN Red List of Threatened Spe-
cies 2016: e.T161569A16527996.

Silveira, L.F., D. de Mello Beisiegel, F.F. Curcio, 
P.H. Valdujo, M. Dixo, V.K. Verdade, G. M.T. Mattox 
& P.T.M. Cunningham (2010): What use do fauna 
inventories serve? Estud. Av., 24, 173-207.

Sims, D.W. (2019): The significance of ocean 
deoxygenation for elasmobranchs. In: Laffoley, 
D. and Baxter, J.M. (Eds.). Ocean deoxygenation: 
everyone’s problem: causes, impacts, consequences 
and solutions. IUCN Global Marine and Polar 
Programme. pp. 431-448. https://doi.org/10.2305/
IUCN.CH.2019.13.en.

Soldo, A. & J. Guallart (2016): Oxynotus cen-
trina (Mediterranean assessment) (errata version 
published in 2016). The IUCN Red List of Threat-
ened Species 2016: e.T63141A97834254.

Soldo, A., M.N. Bradai, E. Buscher, D.A. Ebert, F. 
Serena & C. Mancusi (2016): Squalus blainville (Med-
iterranean assessment). The IUCN Red List of Threat-
ened Species 2016: e.T169229923A200982471. 

Stauffer Jr., J.R. & P.M. Kocovsky (2007): Explor-
ing links between systematics and fisheries man-
agement. Trans. Am. Fish. Soc., 136, 1122-1125. 
https://doi.org/10.1577/T06-166.1.

Stevens, J.D., R. Bonfil, N.K. Dulvy & P.A. 
Walker (2000): The effects of fishing on sharks, rays, 
and chimaeras (chondrichthyans), and the implica-
tions for marine ecosystems. ICES Journal of Marine 
Science, 57(3), 476-494. https://doi.org/10.1006/
jmsc.2000.0724.

Torcu Koç, H., F. Üstün, Z. Erdoğan & L. 
Artüz (2012): Species composition of benthic fish 
fauna in the Sea of Marmara, Turkey. J. Appl. Ich-
thyol., 37, 303-307. https://doi.org/10.1111/j.1439-
0426.2012.02037.x.

Uysal, A., A. Yüksek & E. Okuş (1996): Marmara 
Denizi’nde ender rastlanan üç elasmobranchii türü 
ve dağılımları: (Raja naevus Müller & Henle, 1841; 
Raja oxyrinchus Linnaeus, 1758; Galeus melasto-
mus Rafinesque, 1809), Abstracts of 13th National 
Congress of Biology, 17-20 September 1996, 28. [in 
Turkish].

Ünlüata, Ü. & E. Özsoy (1988): Deep water 
renewals and oxygen deficiency in the Sea of Mar-
mara. Rapp. Comm. int. Mer Medit., 31, 193.

Vaquer-Sunyer, R. & C.M. Duarte (2008): Thresh-
olds of hypoxia for marine biodiversity. Proc. Natl. 
Acad. Sci. U. S. A., 105, 15452-15457. https://doi.
org/10.1073/pnas.0803833105.

Vedor, M., N. Queiroz, G. Mucientes, A. Couto, 
I. da Costa, A. dos Santos, F. Vandeperre, J. Fontes, 
P. Afonso, R. Rosa, N.E. Humphries & D.W. Sims 
(2021): Climate-driven deoxygenation elevates 
fishing vulnerability for the ocean’s widest ranging 
shark. eLife, 10, e62508. https://doi.org/10.7554/
eLife.62508.

Villagra, D., N. Van Bogaert, B. Ampe, P. 
Walker & S.S. Uhlmann (2022): Life-history traits 
of batoids (Superorder Batoidea) in the northeast 
Atlantic and the Mediterranean. Rev. Fish Biol. 
Fish., 32(2), 473-495. https://doi.org/10.1007/
s11160-021-09695-3.

Waller, M.J., N.E. Humphries, F.C. Womersley, 
A. Loveridge, A.L. Jeffries, Y. Watanabe, N. Payne, 
J. Semmens, N. Queiroz, E.J. Southall & D.W. Sims 
(2024): The vulnerability of sharks, skates, and rays 
to ocean deoxygenation: physiological mechanisms, 
behavioral responses, and ecological impacts. J. 
Fish Biol., 105, 482-511. https://doi.org/10.1111/
jfb.15830.

Walls, R.H.L. & E. Buscher (2016): Aeto-
mylaeus bovinus (Mediterranean assessment). 
The IUCN Red List of Threatened Species 2016: 
e.T60127A81163810. 

Walls, R.H.L. & J. Guallart (2016): Da-
latias l icha (Mediterranean assessment). The 
IUCN Red List of Threatened Species 2016: 
e.T6229A16527825. 

Walls, R.H.L., M. Vacchi, G. Notarbartolo 
di Sciara, F. Serena & N.K. Dulvy (2016): Gym-
nura altavela (Mediterranean assessment). The 
IUCN Red List of Threatened Species 2016: 
e.T63153A16527909. 

WoRMS Editorial Board (2025): World Register 
of Marine Species. Available from https://www.
marinespecies.org at VLIZ. Accessed 2025-06-11. 
doi:10.14284/170.



ANNALES · Ser. hist. nat. · 35 · 2025 · 2

242

Hakan KABASAKAL & F. Saadet KARAKULAK: DEMERSAL ELASMOBRANCHS OF THE SEA OF MARMARA: UPDATED INVENTORY, TAXONOMIC ISSUES, AND ..., 221–242

Yaka, U. & R. Yüce (2006): The rough ray, Raja 
radula Delaroche, 1809 (Rajidae), new to the Sea of 
Marmara, Turkey. Zool. Middle East, 39, 112-114. 
http://dx.doi.org/10.1080/09397140.2006.10638193.

Yang, B., X. Qu, H. Liu, M. Yang, W. Xin, W. 
Wang & Y. Chen (2024): Urbanization reduces fish 
taxonomic and functional diversity while increases 
phylogenetic diversity in subtropical rivers. Sci. To-
tal Environ., 908, 168178. https://doi.org/10.1016/j.
scitotenv.2023.168178.

Yıldız, T., E. Yemişken, F.S. Karakulak, U. Uzer, 
C. Dalyan & I.K. Oray (2016): A new record of 
dasyatid fish from the Sea of Marmara: Tortonese’s 
stingray, Dasyatis tortonesei Capapé, 1975 (Dasy-
atidae). J. Appl. Ichthyol., 32, 721-723. https://
doi.org/10.1111/jai.13087.

Yılmaz, A., Ö. Baştürk, S. Tuğrul, C. Saydam & 
Ü. Ünlüata (1990): Marmara Denizi ve boğazlar 
sisteminin su dinamiği ve çevresel karakteristiği. 
7 Bölümde İstanbul’un Çevre Sorunları ve Çözüm-
leri Sempozyumu, 9-13 Nisan 1990, Türkiye Çevre 
Koruma ve Yeşillendirme Kurumu, pp. 231-261. 
[in Turkish].

Zengin, M., H. Polat, S. Kutlu, A.C. Dinçer, 
H. Güngör, M. Aksoy, C. Özgündüz, E. Karaaslan 
& Ş. Firidin (2004): Marmara Denizi’ndeki 
derin su pembe karidesi (Parapenaeus longi-
rostris Lucas, 1846) balıkçılığın geliştirilmesi 
üzerine bir araştırma, Sonuç Raporu (TAGEM/
HAYSUD/2001/09/2004), T.C. Tarım ve Köyişleri 
Bakanlığı Tarımsal Araştırmalar Genel Müdürlüğü. 
[in Turkish].


